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Chapter three describes the characterization of MNP sample for MPI. First, three types of 
harmonic signal evaluation methods utilizing several MNP samples are briefly explained. Then, a 
simulation based on the Landau-Lifshitz-Gilbert equation to study the harmonic spectra is 
introduced. Finally, the fractions of MNP samples that contribute to harmonic signals are discussed, 
and the best MNP sample for MPI is evaluated. 
In chapter four, the development of a harmonic detection-based MNP imaging system for 
narrow-band MPI is described. First, an experimental work to study the component of harmonic 
signals from MNP sample evaluated in chapter three is introduced. The experimental result of each 
component is discussed in detail to propose the best detection methods of the harmonic signal for 
MPI. Then, a harmonic-based MNP imaging system including the MNP sample and signal chain 
consisting of excitation and pickup coil configuration is presented. Furthermore, resonant circuit and 
system noise are discussed. 
The MNP imaging measurement results are presented in chapter five. This chapter provides the 
position identification of one and two MNP samples in xyz plane representing one and two SLNs in 
the lymphatic system, as well as their localization and concentration relationship. Then, a numerical 
simulation technique called singular value decomposition (SVD) is introduced for obtaining a high 
spatial resolution image. Its robustness is described in detail to distinguish two MNP samples with a 
separation of Ax. Additionally, improvement in immobilization method and MNP selection towards 
better imaging is introduced and discussed at the end of this chapter. 
Finally, chapter six concludes and summarizes the work in this thesis, and discusses on possible 
future research based on this thesis. 
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